A query routing broker is a software agent that determines from a large set of accessing information sources the ones most relevant to a user's information need. As the number of information sources on the Internet increases dramatically, future users will have to rely on query routing brokers to decide a small number of information sources to query without incurring too much query processing overheads. In this paper, we describe a query routing broker known as ZBroker developed for bibliographic database servers that support the Z39SOprotocol. ZBroker samples the content of each bibliographic database by using training queries and their results, and summarizes the bibliographic database content into a knowledge baqe. We present the design and implementation of ZBroker and describe its Web-based user interface.
INTRODUCTION
As the number of information sources increases rapidly on the Internet, users are beginning to experience difficulties locating the relevant information sources to meet their search requirement. These information sources could be document collections, SQL databases, or other kinds of databases. Although many web search engines are available on the Internet, most of themsare only useful for discovering individual web pages instead of information sources such as document collections and SQL databases. Hence, these search engines cannot be easily extended to index the content of information sources.
Given a user query and a set of information sources at different locations, query routing refers to the general problem of selecting from a large set of accessible information sources the ones relevant to a given query, and evaluating the query on the selected sources. The software agent that performs query routing on the Internet is known as a query routing broker. In this paper, we describe a query routing broker called ZBroker for bibliographic databases supportPermission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advant -age and that copies bear this notice and the full citation on the first page To copy otherwise, to republish, to post on servers or to redistribute to lists. requires prior specific permission and/or a fee. CIKM '99 11199 Kansas City, MO, USA D 1999 ACM l-581 13.146.1/99/0010...$5.00 ing Z39SOprotocol.
239.50 is an application-level communication promcol[7l adopted by the International Organization for Standardization (ISO) and is designed to support remote access to bibliographic databases maintained by public libraries. 239.50 is widely supported by library system vendors. It specifies a uniform interface for a 239.50 client application to search and retrieve information from bibliographic databases managed by different 239.50 servers. In other words, 239.50 allows bibliographic databases implemented by different vendors on different computer hardware to look and behave the same to the client application. A bibliographic database with 239.50 query support is also known as a 239.50 database.
A listing of public libraries supporting 239.50 access can be found at http://www.mun.c&!ibrary/ca&3950hosts.htm.
The objective of the ZBroker project is to design and implement a software agent capable of routing bibliographic queries on the Internet populated by hundreds of bibliographic databases supporting 239.50 protocol. A bibliographic database provides important meta-information about the material found in a library. Apart from allowing users to physically locate reading materials on the shelves, bibliographic databases play an important part in the learning and research processes that users have to go through.
Scope of Work
To enable Internet users to easily perform query routing tasks for bibliographic databases, a few functionalities have to be supported by the ZBroker: l Acquisition of content knowledge: This refers to summarizing the content of a set of bibliographic databases in order to capture the knowledge about their content. l Database ranking based on a given bibliographic query: When a bibliographic query is given to ZBroker, it should rank the bibliographic databases according to their relevance computed from the respective content knowledge. At present, the degree of relevance is measured by the estimated result size returned by a bibliographic database for the given wry. l Maintenance of content knowledge: As the bibliographic databases evolve, their content may change and this leads to the need to maintain the content knowledge previously acquired by the ZBroker.
l User-Jiiendly interface: ZBroker should provide an easyto-use web interface to the users. The user interface can support queries on multiple 239.50 databases selected by the users who will be guided by the database ranks computed by ZBroker.
Although 239.50 supports queries on multiple bibliographic attributes such as title, author, subject, ISBN, ISSN, etc., not all 239 SO servers implement the same query capabilities. In this project, we considered boolean queries that involve title, author and/or subject attributes. These are the attributes that are searchable in most 239.50 databases. The query results returned by the 239.50 databases are unranked. Once a set of 239.50 databases have been ranked for a given query, ZBroker will present the location and rank information of the respective 239.50 databases. When a bibliographic database fails to support a particular query, it will be assigned the lowest (least relevant) rank by ZBroker.
In this project, we experimented a query sampling technique to acquire the content knowledge about 239.50 databases. The sampling is performed by submitting training queries to each 239.50 database and summarizing the returned results. The salient feature of this sampling technique is that it does not require modification to the existing 239.50 servers, thus not compromising the autonomy of databases owned by different institutions. Nevertheless, it is crucial that the sampled content knowledge demonstrates a certain level of accuracy in order for ZRroker to perform well.
Paper Outline
The rest of this paper is structured as follows. In Section 2, we provide a brief survey of the related work. Section 3 presents the system architecture of ZBroker. Section 4 describes the information captured by the ZBroker's content knowledge and database ranking technique. The sampling technique and content knowledge maintenance are given in Sections 5 and 6 respectively. Section 7 gives an overview of the ZBroker's user interface. The performance issues of ZBroker are discussed in Section 8. Section 9 concludes the paper and presents the future work.
RELATED WORKS
Query routing in the context of document collections has been studied by several researchersr3, 10, 111. Most of these works involve the performance evaluation of different query routing techniques. Nevertheless, to our best knowledge, there has not been a query routing broker developed for 239.50 databases. In this section, we survey some system research works that are related to query routing.
Federated Searcher
Federated Searcher is a query routing broker implemented by Virginia Tech for mediating user queries to multiple heterogeneous search engines [8] . Each search engine has to provide a manually created description about its site using a specially designed XML markup language known as SearchDB. Federated Searcher has been implemented for the Networked Digital Library of Theses and Dissertations (NDLTD) (see htrp://www.theses.org). Instead of storing the content information about each site, Federated Searcher captures the types of documents indexed by each site, interface information, and general information about the search engine used by each site.
STARTS Protocol
STARTS Protocol is proposed by Stanford University researchers to support meta-searching or query routing on the Intemet [S] . The protocol defines source selection, distributed query evaluation and query result merging as the three main query routing tasks. In order to handle largely incompatible search engines, STARTS requires a standard set of metadata to be exported from different database servers. The acquisition of these metadata information has been incorporated into STARTS. When a database server supports STARTS protocol, it is able to provide detailed statistics about its collection upon request by a query routing broker, thus allowing the broker to have first hand detailed information about the database content. Nevertheless, it may not be possible to have all database servers supporting STARTS and the exchange of detailed site information as it may require modification to the existing database servers and their existing information retrieval protocols.
While STARTS requires some level of cooperation among database vendors and owners in order to have their database servers providing useful meta-data for query routing purposes, ZBroker adopts a less intrusive approach to solicit meta-data from the database servers by sending queries to probe the database content. We believe, however, that the two approaches can co-exist together to provide a more complete set of query routing solutions for different types of database servers.
Glossary of Servers Server Project
In the GIOSS (Glossary of Servers Server) project[6], a keyword-based distributed database broker system is proposed and it can route queries containing a set of keyword jieZd-designation pairs where the field-designation could be aurhor, ritle, etc. The number of documen$ containing each term for each field-designation is stored and used to estimate the rank of each database. The databases considered by GlOSS are unstructured document collections. The main assumption behind GlOSS is that terms appearing in different documents of a collection follow independent and uniform distributions. GlOSS has been implemented for the Networked Computer Science Technical Reference Library (seeThe ZBroker's web-based user interj&e is driven by a Common Gateway Interface (CGI) Program which allows Internet users to input bibliographic queries to be routed. The module also presents query results returned from bibliographic databases selected by the users. A detailed description of ZRroker's user interface will be given in Section 7.
;.::i:-.& Flgure 1: ZBroker System architecture To access remote bibliographic databases using the 239.50 protocol, a common gateway supporting 239.50 application programming interface (API) is required. In the ZBroker project, we have chosen to use Z-Client, a gateway implemented by Harold Finkbeiner' . Built upon 239.50 API functions, Z-Client provides methods that submit queries to specified 239.50 databases, and parse the returned query results into some required formats. Each 239.50 database is identified by its Internet address, port number, and a database id.
Database Ranker(DB-Ranker) is designed to rank 239.50 databases according to their relevance to the user query. The database ranks are computed based on statistical information about the content of participating 239.50 databases. These information are collectively known as the Content Knowledge. The computed database ranks will be returned to the user interface program for meaningful presentation. The database ranking formula adopted by DB-Ranker resembles that of the GIOSS but it only makes use of smaller set of database records sampled by training queries. A detailed description of this ranking formula will be given in Section 4.
Content Sampler samples the participating 239.50 databases and constructs the content knowledge about them. The sampling procedure consists of submitting training queries to the 239.50 databases via Z-Client and collecting the query results. To cope with the evolving content of tbese,Z39.50 databases and to enlarge the range of sampled bibliographic ' The software is available atftp:/~indy,.stonford.edru'prWz3950/zclienr.~ar,gz records, Content Sampler accumulates user queries submitted to ZBroker and selects the appropriate ones as new training queries. Figure 2 illustrates the four sub-components of Content Sampler, namely, query evaluator, content summarizer, recordfilter, and query$filter. The query evaluator is responsible for retrieving training queries from a training query library, formatting and submitting them to the remote 239.50 databases. This is done via Z-Client. Upon receiving a training query result set, the query evaluator passes the bibliographic records in the result set to the content summarizer which updates the content knowledge about the database concerned. To ensure that only unique bibliographic records are given to the content summarizer, the record filter will discard bibliographic records that have already been returned by previous training queries. We maintain for each 239.50 database a record id database which keeps the system ids of all records that have been examined by the content summarizer.
As shown in Figure 2 , user queries submitted to the Z&o-ker user interface are captured by the User Query Library. The user queries accumulated in this manner can be later deployed as training queries if the user queries can potentially return new records not yet considered by the content summarizer. While the records can be filtered by the record filter, it would save the content sampler much processing overheads if the filtering can be performed on the user queries before they are added to the training query library. This filtering task is the responsibility of the query filter. We will describe query filtering in more detail in Section 5. 
CONTENT SUMMARIZATION AND DATABASE RANK-ING
In this section, we describe the ranking technique adopted by the ZBroker's database ranker. The ranking technique in turns determines the summarized information to be included by the content knowledge.
In ZBroker, databases are ranked according to their estimated relevance scores computed from some statistics about the databases. The relevance score formula, known as Truining Query Result Summary using GlOSS (TQG), resembles that proposed by the GlOSS project at Stanford University except that it is applied to a set of records sampled from the database.
Definition 1 Given a query q, the TQG formula assigns the estimated relevance score, &dbi rQ, to database dbi a$ follows:
where I& 1 denotes the number of search terms on attribute Ak specified by the query q; IAl denotes the number of attributes involved in the query q; Ill&+ denotes the document frequency of the jth search term m attribute Ak computed from the set of records sampled from database & ; and JVi denotes the total number of sampled records for database dbi. I
Note that the document frequency of a search term in an attribute refers to the number of records in the database containing the term in the specified attribute. Clearly, the number of sampled records JVl is always smaller than Ni, the actual number of records in database dbi. Since DF/ j L < A$, the estimated relevance score ranges between 0 and iV,!.
Therefore, both DF/ j,k 's and Ni have to be computed by the content summari$er for each database and be kept in the content knowledge for ranking purposes. In the following section, we will describe how database content sampling is performed by the query evaluator and record filter of ZBroker.
DATABASE CONTENT SAMPLING AND RECORD FIL-TERING
To sample the content of databases, training queries have to be generated and be used to extract records from the databases. There are essentially two possible approaches to create such training queries. One can either create synthetic training queries or collect user queries as training queries.
In the current implementation, we have chosen to sample database content using both kinds of queries. Synthetic training queries have been generated to bootstrap the construction of content knowledge. User queries, on the other hand, have been used together with the initial set of synthetic queries to capture changes in the 239.50 databases' content as they evolve.
In this section, we describe the generation of synthetic queries, and the filtering processes that are applied to the user queries and the bibliographic records returned by these queries.
Synthetic Training Query Generatfon
In order to ensure that the synthetic queries provide a good coverage of the 239.50 database content, we require them to be simple enough such that a fair number of records can be sampled from the participating databases. Hence, small number of search terms are used in these synthetic queries. At present, ZBroker keeps a database of 3,000 synthetic training queries generated from the bibliographic records of the Nanyang Technological University (NTU) Library2. We downloaded 218,000 bibliographic records from the NTU library, and generated the synthetic queries by repeating the following steps: l
Step 1: Randomly select a bibliographic record. Step 2: Randomly decide whether to use title, subject or both attributes. Step 3: Extract from the selected record up to four distinct terms from the chosen attribute(s). Since a bibliographic record may have several values for the subject attribute, all extracted subject terms must come from the same value. Moreover, stop words are not allowed to be included among the extracted terms. l Step 4: The extracted title and/or subject terms form the search terms for a new synthetic training query.
Derfvlng New Trafnlng Queries from User Querfes
When a user query can potentially return new records not yet considered by content sampler, 239.50 will deploy the user query as a new training query and use it together with other training queries in sampling the database content. Before a user query can be deployed as a training query, we have to determine if it returns a result set that is a subset of that of any other existing training query.
Definition 2 A query q1 is said to be result-subsumed by another query q2 with respect to a database DB if the result set of query q1 from DB is a subset of that of query q2. I Owing to the heterogeneity of query formats and database content, it is difficult to decide the result subsumption between a user query and any existing training query. In our ZBroker project, we therefore adopt a more restrictive definition of subsumption relationship between queries. This restrictive definition is possible as each user query handled by ZBroker consists of conjunction of search terms and are known as conjunctive queries. query terms in attribute a of query Q. and Vc(q) = 0 when a $ A(q). Query q1 is predicate-subsumed by query q2 if 411) 2 -4Cq2) andya E &d,K(qd 2 Wq2). 1
Example 1 Let q1 = (title = "digital library") and query q2 = (title = 'digital") be two queries. Query ~1 is resultsubsumed by qz as the term "digital" in attribute title in q2 can also be found in the matching predicate in 41.
Let q3 = (title = "database management" and subject = 'database") and q4 = (title = "computer architecture" and subjecr = "computer") be two queries. Query q4 is not resultsubsumed by q3 and 43 is not result-subsumed by 44. I Therefore, to determine if a query q1 is result-subsumed by another query q2, an alternative way is to check if the query q1 is predicate-subsumed by query QZ. When a user query is not predicate-subsumed by any existing training query, the user query will be deployed as a new training query. The verification of predicate-subsumption is performed by the query filter as shown in Figure 2 . The query filter examines all user queries that have been logged in the user query library, and determines the predicate-subsumption relationship between the existing training queries and these user queries.
Record Fllterlng
Despite the effort in ensuring that no training query is redundant, it is still possible for two training queries to return overlapping result sets. Such duplicate bibliographic records, if not discarded, will lead to incorrect document frequencies in the content knowledge.
In ZBroker, a Record Id Database is therefore maintained for each 239.50 database and it is used by the recordfilter module to detect and discard duplicate records. For most 239.50 databases, unique ids are assigned to their records and it is relatively easy to extract these ids from the training query results and keep them in the record id databases for record filtering. Nevertheless, not all 239.50 databases provide such record ids. For a 239.50 database that does not provide record ids, ZBroker determines the uniqueness of records by using either both author and title, or ISBN. To efficiently filter records using the record id databases, the record ids are stored as binary search trees in the databases. Only for those records that do not come with ids, binary search trees for author, tide and ISBN are created.
Global Term Id Asslgnment
As mentioned in Section 4, the ZE!roker's content knowledge stores for each 239.50 database the document frequencies for terms appearing in different attributes of the database. To efficiently access the document frequencies, we require ids to be assigned to the terms. If a different set of term ids are created for each 239.50 database, one would require a separate disk space for storing the mappings between terms and their ids. To reduce the amount of storage space required, ZBroker assigns unique global term ids to the terms found in all 239.50 databases. Hence a Global Term Dictionary ha5 been created to maintain the term ids for each attribute.
Using the global term dictionary of an attribute, a single unique global term id can be assigned to a term found in the attribute of any 239.50 database. A Global Term Id Manager, which is part of content sampler, is responsible for assigning the global term ids. Using the global term ids, the document frequencies in the content knowledge can be retrieved efficiently.
CONTENT KNOWLEDGE MAINTENANCE
The maintenance of content knowledge is essential for two reasons. It allows ZBroker to keep an up-to-date content knowledge about the participating 239.50 databases. It also improves the accuracy of database ranking as new training queries are submitted. In the operational mode, ZBroker receives new incoming queries submitted by the users. The routing of these user queries has to be performed based on the content knowledge constructed prior to these queries.
Since not all records that are relevant to the queries have been captured by the content knowledge, it is possible that inaccurate database ranks will be suggested by ZRroker. To maintain the content knowledge, ZBroker adopts two updating schedules for the content knowledge, i.e., daily and monthly updates.
l D&y Update To improve the accuracy of database ranking, ZBroker collects further statistics about each 239.50 database by submitting a batch of filtered user queries to all 239.50 databases at the end of each day. The new information collected enables ZBroker to return more accurate database ranking when similar user queries are given in the near future. l Monthly Update When new records are added to the 239.50 databases, it is not possible for ZBroker to be alerted Hence, ZBroker must re-sample the 239.50 databases using all training queries, including the original synthetic training queries and filtered user queries. At present, ZBroker performs this update monthly.
WEB-BASED USER INTERFACE
In this section, we describe the web-based user interface 3 of ZBroker that has been implemented. The main functionalities of the user interface include:
l Allowing users to formulate queries to be routed for a list of accessible 239.50 databases; l Ranking the databases for a given user query, and allowing the user to select the target 239.50 databases for query submission. l Forwarding the user query to the selected databases and presenting the query results to the user,
Query Formulatlon
The user interface supports the formulation of user queries by requiring the users to supply search terms to the three queryable attributes: Author, Title and Subject. Multiple terms supplied to a queryable attribute are combined together with the "and" semantics, and the search predicates on different attributes are "and" together as well. Figure 3 depicts a formulated query that searches for records containing "information" and "retrieval" in their titles, and "system" in their subject. Once a user submits a query, the contents of the three fields will be transferred to the ZBroker's web user-interface program. The CGI program extracts the query and invoke database ranker which in turns returns the database ids according to their ranks. Based on the ordered database list returned by database ranker, the user-interface program presents the ranked databases within the left frame of the web page as shown in Figure 4 .
Presentation of Query Results
As shown in Figure 4 , the databases ranked by ZEtroker are listed according to their relevance scores. At this point, the ranks are suggested by ZBroker without sending the query to the remote 239.50 databases. The user can choose to submit the query to one or more 239.50 databases by checking the boxes for the databases, and specifying the number of records to be retrieved from each database. ZBroker will forward the query to the selected databases via Z-Client, and display the returned result sets from the databases in multiple frames on the right, one for each selected database, as shown in Figure 4 .
PERFORMANCE ISSUES OF ZBroker -A PRELIMI-NARY ANALYSIS
In this section, we present a preliminary analysis of the performance of ZBroker. The analysis focuses on examining the accuracy of query routing, the overheads of content sampling and the storage requirement of ZBroker. Since ZBroker can only construct its knowledge about each 239.50 database by drawing records from the database using large number of training queries, it is expected that the sampling process incurs significant amount of overheads, including the network and CPU overheads. In addition, ZBroker requires storage space for its content knowledge, training queries, global term dictionaries, and record id databases. We will give some statistics in this section to show the amount of sampling overheads, and storage requirement.
Accuracy of Database Ranking.
At present, the accuracy of database ranks suggested by ZBroker has been encouraging. Most of the time, ZBroker is able to suggest relevant databases in response to a user query. Nevertheless, since the same boolean query can be interpreted and evaluated differently by the participating 239.50 databases, one may find the actual result sixes returned by the databases not consistent with the computed database ranks. For example, for a query involving search terms on title attribute, some 239.50 database servers may impose the search criteria on not only the title attribute but also other related attributes leading to more records included in the query results. In these caqes, a lowly ranked database may appear to return much more records than a highly ranked database but many of these records do not carry the search terms in their title attribute.
Overhead of Content Sampllng
The overhead of sampling some Z39.50 databases is tabulated in the second column of Table 1 . The table indicates the number of hours taken to sample each database. The sampling overhead ranges from 6 to 159 hours (about 7 days) depending mostly on the network delays involved between ZBroker and the remote 239.50 databases. For each 239.50 database, ZBroker maintains the content knowledge consisting of document frequencies for the attributes author, title and subject. ZBroker also maintains global term dictionaries and a record id database for each 239.50 database. As shown in Table 2 , a total of 69MBytes of storage space has been used to maintain the eleven record id databases (one for each 239.50 databases). The size of record id database directly depends on the size of the 239.50 database concerned.
It takes only 2.8MBytes to store the document frequencies in the content knowledge for each database. The global term dictionaries also do not occupy too much storage space and they only scale up sub-linearly due to common terms appearing in different 239.50 databases. In this paper, we describe a query routing system for 239.50 databases that provide only 239.50 query interface to their content. This system, known as ZBroker, demonstrates the viability of using sampling technique to obtain content knowledge about 239.50 databases. We have outlined the architecture, design and implementation of ZBroker. ZBroker is designed to cope with changes in the database content. It also consists of a web-based user interface that supports easy query formulation and is able to forward queries to multiple selected 239.50 databties.
During the implementation of ZBroker, we encountered several difficulties due to heterogeneous 239.50 server implementation. Although 239.50 requires compliance from libraries created by different vendors, there exists a wide variation of 239.50 implementations among different libraries. For example, "CD-ROM" might be interpreted as "CD ROM' by some servers, but as a single term by others. This inconsistency will introduce some inaccuracy into the query routing results.
As part of the future works, we plan to improve ZBroker in a number of ways: l ZBroker is not designed to be the only solution for routing queries to 239.50 databases. For 239.50 databases that can export their full content information for query routing, it may be more appropriate to adopt the STARTS approach of ranking databases. We plan to look into how a hybrid query routing system incorporating both STARTS and content sampling techniques can be developed. We plan to conduct more detailed performance evaluation experiments for ZBroker in order to determine the appropriate strategies to reduce the amount of time spent in content sampling and to improve upon the database ranking techniques.
